Although staple crops do not survive extended periods of drought, their seeds possess desiccation 15 tolerance (DT), as they survive almost complete dehydration (desiccation) during the late 16 maturation phase of development. Resurrection plants are plant species whose seeds and 17 vegetative tissues are desiccation tolerant. Vegetative DT first arose with the transition from 18 aquatic to terrestrial life forms, but it was lost as plants acquired mechanisms for drought 19 resistance. DT was then confined to seeds, spores, and pollen grains. We review evidence 20 suggesting that angiosperm resurrection plants have reactivated the seed DT program in 21 vegetative tissues. Novel ~omics technologies are providing a better understanding of the 22 Plant Physiology Preview. Climate variability and climate change are associated with the warming and drying of 26 tropical land areas, the main agricultural regions of the world, resulting in reduced carbon uptake 27 by vegetation, increased carbon release by fire, and an increased likelihood of high-precipitation 28 extremes (Iizumi and Ramankutty, 2015; Betts et al., 2016). The association of these factors with 29 the growing population and dietary shifts has increased concerns for global agriculture and food 30 security (Iizumi and Ramankutty, 2015). The prospect of food insecurity raises the need to 31 improve crop yield stability in variable environments, especially by breeding additional drought-32 tolerant crop varieties (Bansal et al., 2014; Mickelbart et al., 2015). To date, most so-called 33 drought tolerant crops have been bred for improved resistance to water loss under drought 34 conditions. However, under severe and prolonged drought, water loss is inevitable, and such 35 crops fail. 36 The recent advent of whole genome, transcriptome, metabolome, proteome, and 37 associated technologies offers valuable tools for mining genes and pathways for crop 38 improvement (Bansal et al., 2014). Current and rapidly emerging technologies, such as genome-39 editing tools (e.g., zinc-finger nucleases [ZFNs], transcription activator-like effector nucleases 40 [TALENs], and clustered regularly interspaced short palindromic repeat [CRISPR/Cas system]), 41
8 maintenance of cell integrity via the accumulation of (solid) compounds; (4) modification of cell 170 wall plasticity/elasticity; (5) mechanisms for longevity in the dry state; and (6) the involvement 171 of ABI3. 172 Regulated shutdown of photosynthesis in poikilochlorophyllous resurrection plants 173 A major potential source of damage to desiccating green tissues is photosynthesis. The (Chl) during dehydration (Farrant, 2000; Georgieva et al., 2007; Blomstedt et al., 2010; Mitra et 180 al., 2013; Sárvári et al., 2014; Williams et al., 2015) . These plants retain macro-level thylakoid 181 structure, deactivating and activating partial components of the photosynthetic machinery in a 182 specific order, which allows for coordinated shut down and subsequent reinstatement of (Porembski, 2011; Tuba and Lichtenthaler, 2011; Beckett et al., 2012; Christ et 190 al., 2014) . In both X. humilis and X. viscosa, Chl degradation begins once leaf water content 191 decreases below 80% RWC (relative water content) and continues to depletion in the air-dry 192 state. During rehydration, Chl biosynthesis is rapidly induced, and the regeneration of thylakoids 193 is apparent within 3 days (Ingle et al., 2008; Christ et al., 2014) . This poikilochlorophyllous 194 mechanism bears a strong resemblance to the degradation of Chl in maturing seeds. In PDT, Chl, 195 LHCb1 (a component of the light harvesting antennae of photosystem II [PSII]) and PsbA (a 196 subunit of the core complex of PSII) are degraded during dehydration and re-synthesized during 197 rehydration, indicating the involvement of the pheophorbide a oxygenase (PAO)/phyllobilin pathway (Christ et al., 2014) . Chl degradation during seed maturation also follows the 199 PAO/phyllobilin pathway and is partly controlled by ABA through the regulation of NYC1 200 (NON-YELLOW COLORING 1, encoding a Chl b reductase isoform involved in Chl catabolism) 201 expression (Nakajima et al., 2012) . In these seeds, chloroplasts are transformed into another type 202 of plastid (e.g., leucoplasts, gerontoplasts), where LHCII (light harvesting complex proteins of 203 PSII) is retained in the remnants of structures that resemble a premature form of thylakoid 204 membranes (Nakajima et al., 2012) . When the Chl b-to-a conversion is suppressed in developing 205 A. thaliana seeds, Chl is retained in the embryo, dramatically reducing seed germination capacity 206 (Nakajima et al., 2012) .
207
In both vegetative and seed tissues, Chl retention is associated with low storability. Seeds 208 of A. thaliana mutants that do not degrade Chl properly failed to germinate after 23 months of 209 storage, whereas wild-type seeds maintained high germination rates after 42 months of storage 210 (Nakajima et al., 2012) . Phytyl tails released as a result of Chl breakdown are thought to serve as 211 a substrate for the biosynthesis of tocopherols (well-known antioxidants involved in seed 212 longevity) (reviewed by Sano et al., 2016) . Craterostigma wilmsii plants in the dry state under 213 simulated field conditions did not survive for more than three months, whereas 10 months of dry 214 storage did not affect plant survival in X. humilis (Bajic, 2006) . This difference is, at least in part, 215 due to the accumulated damage to chloroplasts and the loss of repair capacity during dry storage 216 in C. wilmsii (Bajic, 2006) . However, additional mechanisms involved in longevity in the dry state are shared by orthodox 302 seeds and angiosperm resurrection plants. 303 During early seed development, the innermost seed layer (endothelium) accumulates 304 polymeric flavonoids that become oxidized to brown pigments during seed desiccation, 305 providing protection from damage caused by excess light (Rajjou and Debeaujon, 2008) .
306
Dehydrating leaves of HDT accumulate anthocyanins, which may help protect the plant against 307 excess light (Figure 1) (Sherwin and Farrant, 1998) . In addition to their role as sunscreens, these 308 pigments scavenge ROS and therefore limit oxidative stress, hence increasing longevity (Rajjou 309 and Debeaujon, 2008). The reduced longevity in dry HDT compared to PDT might be due to the 310 degradation of anthocyanins, causing great ROS-induced damage to the outer leaves and 311 exposing the more susceptible inner leaves to damage (Bajic, 2006) .
Although ROS may act as signaling molecules to regulate biological processes, they also (Rodriguez et al., 2010; Jovanović et al., 2011; Gechev et al., 2013; Giarola et al., 2015; Costa et 334 al., 2017) . The expression of LEA genes from C. plantagineum increases upon early or partial 335 dehydration (Rodriguez et al., 2010; Giarola et al., 2015) . A genome-wide search for LEA 336 proteins in X. viscosa identified 126 LEA motif-containing proteins, 90 of which are 337 differentially expressed during dehydration and rehydration (Costa et al., 2017) . This number is 338 significantly higher than that identified from the genomes of 25 other angiosperm plant species, 339 including two resurrection species (Costa et al., 2017) . considered "seed-specific", we have shown that the mechanisms involving these genes are also 371 active in angiosperm resurrection plants. It is therefore tempting to speculate that resurrection 372 plants also bear embryonic identity, which might be a key factor in the similarity between seeds poikilochlorophylly. In homoiochlorophyllous resurrection plants (HDT), the leaf surface area 394 exposed to light is reduced by curling or folding and the leaf may have reflective hairs and/or 395 waxes that reflect light. In addition, anthocyanin, xanthophyll pigments, and polyphenols 396 accumulate in surfaces that remain exposed to light. In poikilochlorophyllous resurrection plants 
